Introduction
Several animal and human studies have shown that smooth muscle relaxation (SMR) is the physiological prerequisite to obtain erections in both penis and clitoris. 1 ± 4 Furthermore, it has been documented that such SMR must be complete in order to obtain full activation of the veno-occlusive mechanism, and therefore a rigid erection, in men. This implies that any diagnostic evaluation of the veno-occlusive mechanism, in order to be reliable, must be performed in a state of complete cavernosal SMR. The cavernosal smooth muscle tone can be objectively assessed with pharmacocavernosometry and pharmacocavernosography (DICC), according to the type of relation among the¯ow values, required to maintain different intracavernosal pressures. 5 It is known that in a diagnostic setting a single injection of vasoactive agents may not be enough to induce complete SMR, chie¯y for the possibility of laboratory-induced inhibition andaor anxiety. 5 Strategies developed to promote complete SMR include: manual self-stimulation, vibratile stimulation, (audio) visual sexual stimulation, 6 ± 8 and supplementary administrations of vasoactive agents, de®ned as`re-dosing'. 5 Among them, the only one so far consistently applied to DICC has been re-dosing, 5 due to the peculiarity of the examination procedure. Re-dosing is clearly time-consuming, with a negative impact of the overall test costs; furthermore, although reasonably safe, 9 it is recommended to be performed under conditions of on-line vital sign monitoring and availability of resuscitative equipment. 9 Purpose of the present study has been to develop a new strategy, instrumental in promoting complete SMR in individuals in particular test conditions, that is when the presence of medical personnel is required in the room during testing, and when the genitalia can not be directly stimulated, both conditions applying to DICC. In this perspective we tested the effectiveness of virtual glasses with stereophonic headphones, linked to a conventional VCR playing an erotic movie, to perform AVSS also in the peculiar conditions of DICC.
Materials and methods

Study design
The study has been designed as a prospective trial, randomized in two groups: no-AVSS group, with patients undergoing conventional DICC, and AVSS group, where patients were exposed to VG-AVSS. All the AVSS group patients had to give their consent to view erotic material, and had to be questioned about their sexual orientation (heterosexual vs homosexual).
Inclusion criteria
Consecutive patients candidate to hemodynamic evaluation for erectile dysfunction and for acquired penile curvature.
Virtual glasses
We used a commercially available virtual glasses set, devised for videogames: Virtual i.O Personal Display System TM Virtual i.glasses! TM (Seattle, WA, USA) These glasses have tri-dimensional capabilities, are equipped with stereophonic headphones and partially exclude the patient from the surrounding environment (Figure 1 ). Besides operating with computer-based videogames, they can also be linked to a conventional VCR. As an AVSS source we utilized the same sequence of an erotic movie in all the study patients, as all patients in the AVSS group reported heterosexual orientation (see Results). The form of the AVSS was an explicit pornographic, heterosexual movie. No homosexuality, incest, sadomasochistic, or related themes were included.
DICC equipment and procedure
We utilized a Eurocav TM (Men®s, Bologna, Italy) cavernosometric unit with 4 channels for simultaneous recording of intracavernosal pressure, pumpinduced¯ows, systemic pressure and doppler sphygmic wave. The DICC evaluation was performed according to the 4-phase procedure, popularized by Goldstein and Krane. 10 Each DICC evaluation was performed by the same staff, namely; the ®rst two authors. In the AVSS group patients were exposed to virtual glasses at the intracavernosal administration of the vasoactive association (phase 1 of DICC). This phase starts with the intracavernosal delivery of vasoactive drugs, and ends when intracavernosal pressure reaches a steady value, the so-called`equilibrium pressure'.
Evaluation of cavernosal smooth muscle tone
The tone of the cavernosal smooth muscle component of the corporal bodies was monitored according to the resulting relation among the¯ows required to maintain different intracavernosal pressures. A nonlinear relation attests absent or incomplete smooth muscle relaxation, where a linear one is conversely consistent with complete SMR. 1, 5 These possible relations are displayed on real-time by the Eurocav TM cavernosometric unit. In the few cases where the linearity calculation was not possible, due to the impossibility to reach the target intracavernosal pressures notwithstanding a maximal infusion ow-rate of 120 mlamin, we questioned the patient about his best quality erection. In this subjective Audiovisual sexual stimulation by virtual glasses ES Pescatori et al evaluation the patient is asked to compare his test erection with the best quality erection that he can reach on his own, privately. If a test erection equals the patient private best quality erection, complete SMR is assumed to be present. 11 Vasoactive drugs used and re-dosing
We arbitrarily used a standardized 2 ml dose of a solution containing 18.1 mgaml of papaverine and 0.9 mgaml of phentolamine, either as a single dose, or whenever a supplementary intracavernosal administration (re-dosing) was required, that is in the absence of complete SMR. A maximum of three dosesapatient was decided.
Psychometric evaluation
The patients were administered both the Italian validated version of the State Trait Anxiety Inventory (STAI) test 12 and ad hoc visual analogue scales 13, 14 (available on request from the ®rst author), before and after DICC in both groups, in order to testify the two diagnostic procedures were differently subjectively experienced as relevant stressors.
The STAI is a self-administered questionnaire made of two subscales: the ®rst (Form X2), measuring the habitual personality anxiety traits, therefore relatively independent from the actual situation, was administered before DICC (obtaining the X2b score). The second subscale (X1), measuring the actual state level of anxiety, was administered before and after DICC (obtaining the X1b and X1a scores, respectively). Index A (for anxiety) was then calculated: it measures the change in anxiety during the diagnostic procedure, corrected for the personality characteristics (X1a 7 X1baX2b). The higher the index, the higher the experienced anxiety.
The 10 cm visual analogue scales administered before DICC addressed the personality characteristics of proneness to embarrassment (Ep) and patient expectations of the degree of embarrassment (Ee), stress (Se) and pain (Pe) to be experienced during the examination. Following DICC the last three visual scales were re-administered, having as a focus the actual experienced embarrassment (Ea), stress (Sa) and pain (Pa). The variation in each of the three domains, following the examination, has been then evaluated (Sa 7 Se, for each domain). Furthermore, index E (for embarrassment) was also calculated: it re¯ects the change in embarrassment experienced during the exams, correct for the personality proneness to embarrassment (Ea 7 EeaEp). Here again, the higher the score, the higher the lived embarrassment.
Statistical analysis
Results are expressed as mean AE s.e. Student's t-tests for unpaired groups were employed, when appropriate, to evaluate difference between means of the two groups. Chi-square tests were used for comparison of proportions. P 0.05 was considered statistically signi®cant.
Results
Patient population
Thirty-seven consecutive patients who underwent DICC constituted our study group. They were randomized in two groups, according to a computer-generated random numerical series. The no-AVSS group consisted of 18 patients with a mean age of 53.7 y (range 30 ± 67 y), while the AVSS group consisted of 19 patients with a mean age of 49 y (range 22 ± 71 y); age was not statistically different in the two groups (P 0.32). All patients in the AVSS group agreed to view erotic material through virtual glasses, and it occurred that all had heterosexual orientation. The ®nal hemodynamic diagnoses of the study patients are summarized in the table.
Number of vasoactive association doses required
In the no-AVSS group 6 patients needed 1 dose and 3 patients 2 doses, respectively, to obtain complete SMR. In the remaining 9 patients a third dose did not induce complete SMR. The mean dose number was 2.17. In the AVSS group 15 patients needed 1 dose and 1 patient 2 doses, respectively, to obtain complete SMR. In the remaining 3 patients a third dose did not induce complete SMR. The mean dose number of this group was 1.37. The difference in the two groups concerning the number of required doses of vasoactive agents resulted statistically signi®cant (Student's t-test 0.007) (Figure 2 ). 
Audiovisual sexual stimulation by virtual glasses ES Pescatori et al
Complete SMR, regardless the number of doses required
In the no-AVSS group 9 patients (50%) reached complete SMR, while in the AVSS group 16 (84.2%) reached compete SMR. The difference in the two groups resulted statistically signi®cant (chi-square P 0.026) (Figure 3 ).
No-AVSS group patients rescued to complete SMR after the second re-dosing
Eight of the nine patients of the no-AVSS group, not exhibiting complete SMR after the third dose of vasoactive association, have been exposed to VG-AVSS, without any further re-dosing. Four of them were rescued to complete SMR (Figure 4 ). This procedure was not planned ahead as part of the study design, it was nonetheless considered during the study.
Psychometric evaluation
The two groups did not differ in the pre-DICC psychometric evaluations, resulting homogeneous in STAI X2 (P 0.34), STAI X1b (P 0.43), and Ep (P 0.47). After DICC two patients in the AVSS group declared that they had not liked the particular content of the erotic material. None of the evaluated psychometric measures showed a statistically signi®cant difference between the two performed diagnostic procedures, in terms of embarrassment, stress and pain (visual analogue scales scores: P 0.29, P 0.52, P 0.35 respectively). This occurred, in particular, also in the two indexes measuring the corrected change in anxiety (index A: P 0.32) and embarrassment (index E: P 0.53) during the diagnostic procedure. The analysis was performed including the scores of the two patients that did not like the proposed video.
Discussion
The functional evaluation of the erectile process faces the dif®cult task to induce a physiologic state that, by its inner nature, is deeply linked with issues of intimacy, privacy, sexual arousal, that clash against the reality of a laboratory setting. Additional obstacles are posed by the impossibility of genital stimulation and by the supervision of the erectile events by one or more examiners. All these drawbacks apply to DICC. Their importance has been fully appreciated when a methodology to assess the cavernosal smooth muscle tone during DICC has IPP induratio penis plastica; VOD veno-occlusive dysfunction; * patients not developing complete smooth muscle relaxation (SMR) after the second re-dosing, but`rescued' to complete SMR by virtual glasses audiovisual sexual stimulation (VG-AVSS), without any further re-dosing.
Audiovisual sexual stimulation by virtual glasses ES Pescatori et al been devised. 1, 5 It then clearly appeared that a single administration of vasoactive drugs was able to relax the cavernosal smooth muscle in only a minority of cases, and single or multiple re-dosing were therefore required and advocated. 5 ± 9 Although reasonably safe, re-dosing is both time-consuming and does not address the issue of laboratory-induced psychogenic inhibition, often experienced by the patient. Conventional visual sexual stimulation during pharmacocavernosometry has been previously proposed, 15 but we do not feel that the vision of erotic material in a standard television screen at the simultaneous presence of medical personnel can warrant the necessary privacy that a patient would require to translate the erotic message in psychologic arousal and erectile events. Through this study we wanted to test the hypothesis that VG-AVSS could be instrumental in promoting cavernosal SMR during DICC, assuming a double mechanism: strong erotic sensorial input and partial isolation from the surrounding environment. Virtual glasses in fact allow the patient to receive audiovisual erotic messages in an immersive fashion, potentially enhanced if the source is a tridimensional video, with the unique prerogative to partially sensorially isolate the patient from the surrounding environment. We documented that such psychogenic sexual stimulation in the context of a laboratory setting did not induce additional anxiety, embarrassment or stress in the exposed patients. On the contrary, they required less vasoactive agents to achieve complete SMR, and as a group, displayed higher occurrence of complete SMR compared to the group not exposed to the VG-AVSS. We therefore infer that virtual glasses, isolating the patient from the outer environment, contribute to preserving his symbolic privacy, explaining the lack of a theoretical potential additional distress.
When evaluating the role of VG-AVSS in promoting complete cavernosal SMR, we found the new approach extremely useful, with nearly 80% of patients in the AVSS group reaching complete SMR at the ®rst administration of vasoactive association, compared to only 33% in the no-AVSS group. Such a drastically reduced need for re-dosing has a de®nite positive impact in the areas of patient safety (less amount of vasoactive agents in the cavernosal tissue and therefore in the systemic circulation), time involved in each investigation, and overall costs. Moreover, DICC with VG-AVSS, inducing complete SMR in a signi®cantly higher percentage of patients (84%) compared to conventional DICC (50%), allowing physicians to provide more patients undergoing DICC with a reliable hemodynamic evaluation.
In our experience, when the second intracavernosal injection of vasoactive drugs does not induce complete SMR an additional third dose does not provide further relaxation, with both methodologies of DICC. However, 4 out of 8 patients in the no-AVSS group after the second re-dosing (that is third intracavernosal administration of vasoactive drugs) did not reach complete SMR, but were`rescued' to complete SMR simply exposing them to VG-AVSS. Such ®ndings con®rms the intuitive thought that psychogenic inhibition and lack of arousal cannot always be overcome by pharmacologic stimulation of the effector organ. Presently, VG-AVSS is our standard procedure when performing DICC.
Conclusions
AVSS through virtual glasses is instrumental in promoting cavernosal smooth muscle relaxation during pharmacocavernosometry, without acting as a stressor. From the VG-AVSS induced arousal arises the intriguing possibility of performing dynamic evaluation of the erectile function (DICC, colourpower doppler) with the oral agent sildena®l in place of intracavernosally administered vasoactive agents: a cavernosometric pilot study is presently ongoing in our Institution, with interesting preliminary data. Furthermore, the effectiveness of VG-AVSS in promoting cavernosal smooth muscle relaxation makes it a promising powerful tool for the investigation of normal physiology and pathophysiology in the emerging ®eld of female sexual dysfunction.
